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Abstract. The new Ozone Mapping and Proﬁler Suite
(OMPS), which launched on the Suomi National Polar-
orbiting Partnership satellite in October 2011, gives a de-
tailed view of the development of the Antarctic ozone hole
and extends the long series of satellite ozone measurements
that go back to the early 1970s. OMPS includes two mod-
ules – nadir and limb – to measure proﬁle and total ozone
concentrations. The new limb module is designed to mea-
sure the vertical proﬁle of ozone between the lowermost
stratosphere and the mesosphere. The OMPS observations
over Antarctica show excellent agreement with the measure-
ments obtained from independent satellite and ground-based
instruments. This validation demonstrates that OMPS data
can ably extend the ozone time series over Antarctica in
the future. The OMPS observations are used to monitor and
characterize the evolution of the 2012 Antarctic ozone hole.
While large ozone losses were observed in September 2012,
a strong ozone rebound occurred in October and Novem-
ber 2012. This ozone rebound is characterized by rapid in-
creases of ozone at mid-stratospheric levels and a splitting of
the ozone hole in early November. The 2012 Antarctic ozone
hole was the second smallest on record since 1988.
1 Introduction
Since the middle of the 1980s, when the Antarctic ozone
hole was ﬁrst discovered (Farman et al., 1985), severe ozone
depletion has been observed every austral spring over the
Antarctic region (Douglass et al., 2011). The levels of ozone
depleting substances (ODSs) and the speciﬁc meteorological
conditions control the development of the seasonal Antarc-
tic ozone hole (Montzka et al., 2011; Douglass et al., 2011).
The rapid ozone depletion in the spring, caused by heteroge-
neous chemical reactions, results in signiﬁcant ozone loss at
around70hPainOctober,withthe depletionupto98%com-
pared to the early 1970s period as observed over South Pole
and Syowa stations (S. Solomon et al., 2005). The lowest to-
tal ozone concentration and the area of the Antarctic ozone
hole, however, vary from year to year (Douglass et al., 2011).
In 2002 the unique dynamical situation resulted in the ﬁrst
sudden stratospheric warming ever observed in the Southern
Hemisphere (Newman and Nash, 2005). This situation led
to the unusually high ozone concentration over Antarctica in
2002, despite high levels of ODSs.
Recently the levels of ODSs, primarily comprised of
chlorine- and bromine-containing chemicals (Newman et al.,
2007), have started to decline (P. Solomon et al., 2006; Jones
et al., 2011; Montzka et al., 2011) as a result of the Montreal
Protocol regulations. Some studies (e.g., Salby et al., 2011,
2012) have claimed that there is an upward ozone trend over
the last decade in Antarctica. However, Hassler et al. (2011)
showed that the ﬁrst signs of ozone recovery will not be
detectable earlier than 2017–2021, based on the analysis of
ozonesonde measurements at the South Pole station. Hence,
the continuation of satellite observations over Antarctica is
critical in the next decades as the ozone hole is expected to
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show signs of recovery due to declining concentrations of
ODSs.
Prior satellite instruments to measure proﬁle and total col-
umn ozone have included the Total Ozone Mapping Spec-
trometer (TOMS), the Ozone Monitoring Instrument (OMI),
the Solar Backscattered Ultraviolet instrument (SBUV/2),
the Stratospheric Aerosol and Gas Experiment II (SAGE
II) and two Microwave Limb Sounder (MLS) instruments
(UARS and Aura). The Ozone Mapping and Proﬁler Suite
(OMPS)representsthenextgenerationoftheUSozonemon-
itoring system (Flynn et al., 2006). OMPS was designed to
provide proﬁle and total ozone products that meet the strin-
gent requirements needed both for operational uses and to
continue the long-term historical records. It began routine
operations in 2012.
ThisstudyusesOMPSproﬁleandtotalozoneobservations
to determine the temporal and spatial evolution of the 2012
Antarctic ozone hole. The main focus is to validate OMPS
ozone observations in the Antarctic and to demonstrate the
beneﬁts of the synthesis of the three-instrument suite for
more detailed monitoring of the Antarctic ozone hole.
The rest of this study is organized into four additional
sections. A brief description of OMPS instruments is pre-
sented in Sect. 2. Section 3 shows results of the comparison
of the OMPS observations over Antarctica against indepen-
dent measurements. Section 4 investigates results of moni-
toring the 2012 ozone hole using OMPS measurements, in-
cluding estimates of the lowest ozone concentration and the
hole area. Conclusions are presented in Sect. 5.
2 The Ozone Mapping and Proﬁler Suite (OMPS)
OMPS was launched on 28 October 2011 on the Suomi Na-
tional Polar-orbiting Partnership satellite. The instrumental
suite is designed to measure the total column and the vertical
distribution of ozone with high spatial and vertical resolu-
tions. All three ozone sensors measure solar radiance in ul-
traviolet (UV) and visible ranges. They scan the same part of
the atmosphere within a short period of time, making it easy
to intercalibrate instruments and have a consistent record of
total and vertical ozone measurements. The sensor suite has
both nadir and limb modules. The nadir module combines
two sensors: the Total Column Nadir Mapper (TC-NM) for
measuring total column ozone, and the Nadir Proﬁler (NP)
for ozone vertical proﬁles. The Limb Proﬁler (LP) module is
designed to measure vertical ozone proﬁles with good ver-
tical resolution (1–3km) from the upper troposphere/lower
stratosphere to the mesosphere. These modules are based on
heritage designs: OMPS TC-NM is similar to TOMS and
OMI, OMPS NP is similar to SBUV/2, and OMPS LP is sim-
ilar to the Shuttle Ozone Limb Sounding Experiment ﬂown
on STS-87 and STS-107.
Both nadir sensors (TC-NM and NP) measure the UV
radiance backscattered by Earth’s atmosphere and surface,
and they share some optical elements. The primary change
in the OMPS nadir sensors is a switch from the traditional
photomultiplier used previously in TOMS and SBUV/2 to a
charge-coupled device (CCD) (Flynn et al., 2006).
The OMPS TC-NM sensor has a 110◦ cross-track ﬁeld
of view (FOV), with 35 cross-track bins, and a 0.27◦ along-
track slit width corresponding to a 50km resolution. It makes
400 swaths per orbit with 36 across-track measurements per
swath, which allows for full global coverage every day. It has
aspectralcoverageover300–400nm.TheOMPSTC-NMal-
gorithm is very similar to the NASA version 8 TOMS algo-
rithm used for OMI (Bhartia and Wellemeyer, 2002). The ba-
sic algorithm uses two wavelengths to derive total ozone: one
wavelength with weak ozone absorption to characterize the
underlying surface and clouds, and the other with stronger
ozone absorption and sensitivity to the total column. The
OMPS TC-NM algorithm uses ozone absorption cross sec-
tions based on Brion et al. (1993), whereas OMI and TOMS
use older cross sections from Bass and Paur (1985).
The OMPS NP sensor has a 16.6◦ cross-track FOV and
a 0.26◦ along-track slit width, giving cells of size 250km
by 250km that are colocated with 5 central cells of the
OMPS TC-NM sensor. OMPS NP obtains 80 measurements
per orbit, resulting in full global coverage about every 6 days.
It has spectral coverage of 250–310nm. The OMPS NP re-
trieval algorithm (by analogy with SBUV/2) uses 12 discrete
wavelengths to retrieve ozone proﬁles employing the max-
imum likelihood (or optimal estimation) technique (Bhartia
et al., 2013). Though the vertical resolution of the OMPS NP
ozone retrievals is coarse, this sensor provides valuable mid-
dle stratosphere to mesosphere proﬁles, data for the con-
tinuation of the SBUV/2 data record, and validation of the
OMPS LP retrievals.
The OMPS LP sensor measures solar radiances scattered
from the atmospheric limb in the UV and visible spectral
ranges. The UV wavelength measurements provide infor-
mation about ozone concentration in the upper and middle
stratosphere whereas visible wavelength measurements pro-
vide information on the lower stratosphere (McPeters et al.,
2000). OMPS LP has three slits separated horizontally by
4.25◦ (about 250km) to expand the sensor cross-track cover-
age. It makes about 160–180 measurements per orbit with
14 orbits per day, resulting in full global coverage every
3–4 days. Each slit provides a 1.85◦ vertical FOV (corre-
sponding to 112km vertical extent at the tangent point), al-
lowing for atmospheric coverage of 0–60km plus an offset
allowance. OMPS LP splits each vertical proﬁle into two
images: low altitude (bright) signals are measured with the
small aperture, whereas the high altitude (low intensity) sig-
nals are measured with the large aperture. Measurements at
shortandlongintegrationtimesareinterleavedoverthenom-
inal 19s measurement duration (Jaross et al., 2012). All six
spectra (three slits and two apertures) are captured onto a
single focal plane. Three ozone proﬁles (one for each slit)
are produced every 19s, which corresponds to a 1◦ latitude
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Fig. 1. Vertical proﬁles of the (a) mean differences and (b) corre-
sponding standard deviations of the differences for OMPS LP (blue
line and circles), SBUV/2 NOAA 18 (red line and squares), and
SBUV/2 NOAA 19 (green line and triangles) against OMPS NP.
(c) Vertical proﬁles of mean differences (purple line and circles)
and standard deviations (orange line and squares) for comparisons
between OMPS LP and Aura MLS. All data were compared over
55–82◦ S and September–November 2012.
sampling.To minimizethe sensitivity tothe underlyingscene
reﬂectance, measured radiances are ﬁrst normalized with ra-
diances measured at high altitudes (at 65km in the UV and
at 45km in the visible). The OMPS LP ozone retrieval algo-
rithm uses the pair/triplet method (Flittner et al., 2000; Rault,
2005).
3 Validation of OMPS measurements
OMPS measurements show excellent consistency both inter-
nally between modules and with other satellites. Of interest
is the spatial and temporal extent of the seasonal Antarctic
ozone loss. Figure 1 shows the validation of OMPS measure-
ments for 55–82◦ S and September–November 2012. The lat-
itudes are chosen because the 220-DU contour of total col-
umn ozone can extend to 55◦ S and the OMPS LP measure-
ments can only reach poleward to 82◦ S. Ozone loss gener-
ally starts in late August to early September and lasts until
late November or early December. August measurements are
not used because of the large area of polar night from which
theinstrumentscannotobtainmeasurements.Foreachpairof
comparing instruments, measurements are considered to be
coincident if they are within ±1◦ latitude and ±4◦ longitude.
Temporal criteria are different for each pair of instruments:
±0.5h for OMPS LP vs. OMPS NP, ±1h for OMPS LP vs.
Aura MLS, and ±4h for SBUV/2 (NOAA 18 and NOAA 19)
vs. OMPS NP comparisons. Table 1 summarizes results of
the ozone proﬁle comparisons. OMPS LP data (version 1)
are reported as number densities (moleculescm−3) at 81 al-
titude levels with a step of 1km. Only proﬁles obtained from
the central slit are considered in this study, and the altitude
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Fig. 2. Comparison of OMPS LP and Aura MLS against the
ozonesonde balloon measurements from Neumayer (70◦ S, 8◦ W)
for September–November 2012. (a) Vertical proﬁles of mean dif-
ferences and (b) standard deviations for OMPS LP (blue line and
circles) and Aura MLS (red line and squares) relative to the sonde
measurements. (b) also includes standard deviations of the sonde
measurements relative to their time mean (black line and triangles).
(c) OMPS LP and Aura MLS versus the sonde measurements in
layers between 13.5 and 21.5km. (d) Probability density functions
of the differences for OMPS LP and Aura MLS relative to the sonde
measurements in layers between 13.5 and 21.5km.
range is limited from 14 to about 50km. OMPS NP data (ver-
sion 1, NASA research processing) are reported as partial
ozone columns (DUlayer−1) in 21 SBUV/2 pressure layers.
To compare OMPS LP and OMPS NP proﬁles the OMPS LP
number densities are converted into partial ozone columns
on the SBUV/2 grids. There is a good agreement between
OMPS LP and OMPS NP measurements with the mean bi-
ases ranging from −6.3 to 3.6% (Fig. 1a, blue). The standard
deviationofthedifferences(Fig.1b,blue)islessthan5%be-
tween 1 and 10hPa and increases below this pressure range
due to coarser OMPS NP vertical resolution in the lower
stratosphere and troposphere (Kramarova et al., 2013). These
results demonstrate a high consistency among the measure-
ments obtained from OMPS LP and OMPS NP.
In addition, OMPS LP and OMPS NP measurements
are compared against independent satellite observations:
SBUV/2 and the Aura MLS. SBUV/2 has the same verti-
cal resolution as OMPS NP and measurements can be com-
pared directly. Comparisons of SBUV/2 (version 8.6) against
OMPS NP demonstrate a good agreement with biases from
−4.0 to 1.5% between 25 and 1hPa and standard deviations
of 5–10% (Fig. 1a, b; red and green). Figure 1c shows re-
sults of the comparison between OMPS LP and Aura MLS
(version 3.3). The OMPS LP number densities are converted
into mixing ratios using National Centers for Environmental
Prediction temperature proﬁles and MLS mixing ratio pro-
ﬁles are interpolated onto the OMPS LP vertical grids. The
mean differences are mostly within ±5% between 17 and
50km. The standard deviations are about 10% between 24
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Table 1. Summary of ozone proﬁle comparisons over 55–82◦ S in September–November 2012 (SD, standard deviation).
Instrument 1 Instrument 2 Vertical range Bias SD No. of points
Instr. 1 − Instr. 2
(%) (%)
OMPS LP OMPS NP 25–1hPa −6.8 to 3.6 5–13 12534
SBUV/2 (NOAA 18) OMPS NP 25–1hPa −4.0 to 1.1 5–10 5290
SBUV/2 (NOAA 19) OMPS NP 25–1hPa −3.7 to 1.5 5–10 7494
OMPS LP Aura MLS 14–24km −10.8 to 1.5 10–40 8241
24–48km −5.8 to 4.0 10
OMPS LP Neumayer sonde (70◦ S, 8◦ W) 14–22km −6.6 to 2.5 >10 36
22–30km −1.3 to 5.4 10
and 48km and increase below and above these levels (up to
40% in the lower stratosphere).
Figure 2 shows validations of OMPS LP ozone proﬁles
in the lower stratosphere against Neumayer Station (70◦ S,
8◦ W) ozonesonde measurements. There are 36 balloon ob-
servations at Neumayer in the considered 3month time pe-
riod. Both OMPS LP and Aura MLS agree well with son-
des throughout the entire altitude range from 14 to 30km.
Biases vary from −6.6 to 5.4% (Fig. 2a). The standard de-
viations of the differences are 10% or less above 21km and
increase to 30% below (Fig. 2b). The black line in Fig. 2b
shows the standard deviations about the time mean of the
sonde measurements and indicates greater ozone variabil-
ity in the altitude range between 14 and 21km. Between 19
and 21km OMPS LP agrees better with sondes than Aura
MLS, but between 16 and 18km OMPS LP underestimates
ozone concentrations relative to both. Both satellite instru-
ments, OMPS LP and Aura MLS, behave similarly relative
to balloon measurements in the lower stratosphere (Fig. 2c,
d).
Table 2 shows total ozone columns measured by
OMPS TC-NM and OMPS NP validated against the cor-
responding independent observations obtained from OMI
and SBUV/2. Mean biases are less than 1% with standard
deviations of 3–4%. The validation of OMPS total ozone
and proﬁle measurements against measurements from these
other satellites demonstrate good agreement and indicate that
the OMPS instruments provide very reasonable estimates of
Antarctic ozone concentrations.
4 OMPS ozone measurements of the 2012 Antarctic
ozone hole: ﬁrst results
The OMPS TC-NM observations from 2012 continue the
time series of total column observations that began with
TOMS and continued with OMI. Figure 3 shows the monthly
mean October 2012 total ozone amounts for OMI and
OMPS TC-NM, along with the differences between them.
The bias for measurements poleward of 55◦ S are relatively
small, ranging from −3.6 to 4.9% (zonal mean biases are
Fig. 3. Total column ozone from (a) OMI, (b) OMPS TC-NM, and
(c) their difference (OMPS TC-NM−OMI) for October 2012.
shown in Table 2). OMPS is generally higher than OMI ev-
erywhere due to different ozone cross sections used in the
OMPSandOMIalgorithms(seeSect.2).Butnearandwithin
the ozone hole region OMPS TC-NM is lower in comparison
to OMI. A preliminary analysis shows that OMPS overesti-
mates reﬂectivity over ice and snow surfaces at large view-
ing angles, and as a result underestimates ozone column.
Changes to the calibration of the OMPS TC-NM sensor will
resolve this issue in the next released version of the data.
Overall differences between OMPS TC-NM and OMI are
quite small in comparison to the levels of column ozone loss
that have been observed over Antarctica (>50%).
One of the primary metrics for assessing ozone deple-
tion is the area contained within the 220-DU contour during
the period from 7 September to 13 October (Newman et al.,
2004). Figure 4 shows the area over this period for the years
from 1979 through 2012. Two 2012 ozone hole area values
are plotted: the OMI estimate of 17.8×106 km2 (black) and
the OMPS TC-NM estimate of 17.6×106 km2 (red). The
2012 range of daily area values for OMPS (red) is 10.8–
20.9×106 km2, while the range for OMI (black) is 11.2–
21.1×106 km2. The smaller area of the ozone hole measured
by OMPS in comparison with OMI is consistent with the
observed positive OMPS biases outside of Antarctica. The
ﬁgure reveals two interesting aspects. First, the 2012 area
was one of the smallest on record since the early 1990s.
Only the 2002 area was smaller – a year with the ﬁrst ob-
served major sudden stratospheric warming in the Southern
Hemisphere (Newman and Nash, 2005). Second, the area
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Table 2. Summary of total ozone comparisons poleward of 55◦ S and for September–November 2012.
Latitude SBUV/2 NOAA SBUV/2 NOAA OMPS TC-NM− OMPS TC-NM−
range 18−OMPS NP 19−OMPS NP OMPS NP Aura OMI
Bias SD Bias SD Bias SD Bias SD
(%) (%) (%) (%) (%) (%) (%) (%)
55–60◦ S −0.9 3.3 −0.8 3.2 −0.9 2.5 1.4 1.3
60–65◦ S −0.5 4.0 −0.7 3.5 −0.6 3.4 1.2 1.1
65–70◦ S 0.3 4.6 −0.4 3.6 −0.2 3.4 0.9 1.2
70–75◦ S 0.6 4.0 −0.3 3.6 −0.1 3.7 0.8 1.4
75–80◦ S 1.0 3.5 −0.5 3.0 −0.4 4.3 0.6 1.8
<55◦ S 0.2 4.1 −0.6 3.6 −0.5 3.8 0.8 1.7
of the ozone hole has stabilized and stopped growing since
the mid-1990s, even though the level of active chlorine and
bromine continued to grow until around 2000 (Newman et
al., 2007). By the early 1990s active chlorine and bromine
eventually reached the levels necessary to destroy 100% of
the ozone in the lower Antarctic stratosphere. Thus further
increase of chlorine and bromine levels could not make the
ozone hole any larger. The Newman et al. (2006) parametric
model has been updated using additional years of OMI and
OMPS data (2006–2012) and recent observations of chlorine
and bromine species in the estimate of equivalent effective
stratospheric chlorine (EESC) (results are not shown here).
The parametric model shows that after reaching saturation in
the mid-1990s, the year-to-year ozone hole area variability
has been mostly controlled by stratospheric temperature vari-
ability in the polar vortex collar region (speciﬁcally 50hPa,
60–75◦ S, and 21–30 September), in agreement with New-
man et al. (2006). This analysis did not reveal any sign of
ozone recovery over Antarctica. The small downward trend
of the hole’s area over the 1995–2012 period is not statisti-
cally distinguishable from a zero trend. The model predicts
that the ozone recovery should become detectable (or statis-
tically signiﬁcant) sometime between 2015 and 2033, most
likely in 2025.
During 2012, the ozone hole area increased normally dur-
ing the August to early-September period, but diminished
quite rapidly during the late-September to October period
(compared to the last 20yr period). Figure 5a shows the daily
estimates of the ozone hole area from the OMPS TC-NM
(red) and OMI (blue). For the period 7 September–13 Octo-
ber, the OMPS TC-NM ozone hole area mean and standard
deviation are 17.6×106 and 2.6×106 km2, respectively. The
standard error between OMPS TC-NM and OMI ozone hole
areas for the same period is 0.4×106 km2.
Figure 5b shows that the minimum value of ozone, as with
the area, fell at a somewhat slower rate in 2012, but stopped
decreasing in about mid-September. Minimum values recov-
ered more quickly than normal in October and were above
normal levels by early December. Again, the OMPS TC-
NM and OMI minimum values were in close agreement. The
range of absolute yearly minimum values occurs later than
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Fig. 4. Area of the Antarctic ozone hole from TOMS and OMI mea-
surements (black circles), 1979–2012, and from OMPS (red circle)
for 2012. These values are averaged from daily total ozone area
values contained by the 220-DU contour for the 7 September–13
October period. The range of these daily total ozone area values
are indicated for TOMS and OMI (gray shading) and OMPS (red
shading in 2012).
the range of yearly ozone hole area maximum values. The
OMPS TC-NM mean and standard deviation of the minima
for the period 21 September–16 October are 137 and 13DU,
respectively. The standard error between OMPS TC-NM and
OMI ozone minima for the same period is 1.8DU.
Figure 6 shows the evolution of the 2012 Antarctic ozone
hole. Total column ozone and ozone mixing ratios are cho-
sen near the center of the polar vortex (Fig. 6a, b). The polar
vortex is deﬁned by NASA Global Modeling and Assimila-
tion Ofﬁce MERRA potential vorticity on the 460K potential
temperature surface. The location of the lowest total ozone
near the center of the vortex, consistent with a smooth tran-
sition from day to day, is chosen for each day (see locations
in Fig. 6c). During the vortex split in early November, the
“blob” of vortex air that maintains itself the longest is fol-
lowed. The vortex center remains in the range from −120
to −30◦ E until the middle of October, then moves eastward
through the vortex splitting, and ends up back in the same
range in November as where it started in September.
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Fig. 5. (a) Ozone hole area and (b) minimum ozone for OMI (blue)
and OMPS TC-NM (red) for 2012. Also shown are the daily clima-
tological distributions for the period 1979–2011: the minimum and
maximum (black lines), the 10–90 percentiles (light gray region),
the 30–70 percentiles (dark gray region), and the mean (thick white
line).
Figure 6a (also Fig. 5b) shows that minimum total ozone
occurs on 1 October and then increases through the October–
November period. As has been shown by Hassler et al.
(2011), there is a strong vertical gradient of ozone near 20km
(Fig.6b).Thisgradientresultsfromtheverystrongozonede-
pletion that occurs at altitudes below 22km. The minimum
value in the proﬁle occurs around 15km – about 10 days af-
ter the total column minimum. There is a general steady in-
crease in ozone at all levels starting from early October and
proceeding through the end of November. The most dramatic
increase occurs in the 25–30km range, where mixing ratios
almost double over this time period. Increases are much more
modest in the lower stratosphere and level off by the middle
of November.
The progression of ozone values during the austral spring
is shown in Fig. 7 for both total column ozone (bottom row)
and for three layers of the lower stratosphere. The gray verti-
cal lines in Fig. 6 indicate days that are shown in Fig. 7. The
white circles in Fig. 7 surround the point of the vortex used in
the bottom panel of Fig. 6. On 2 September the ozone partial
column values in the two upper levels correspond well to the
total column ozone, while the lower-level ozone amounts are
relatively high. By 19 September the partial column values
are being depleted at all levels, and the ozone hole indicated
by the total column shows deepening (bottom). By 4 Octo-
ber, near the minimum in total column ozone, all levels have
had signiﬁcant partial column value decreases, especially in
the lowest layer.
The ozone hole area rapidly decreases in October and then
splits into two parts. Note that the size of the low ozone area
in the 26.5–29.5km panels of Fig. 7 show a steady decline
through the 2 September–21 November period. There is also
a strong wave-1 warming event in October that displaces the
vortexandtheozoneholeoffthepole.By19Octoberthepar-
tial column values at the upper levels are starting to increase,
while the lowest level retains low values. In early Novem-
ber a strong wave-2 warming event splits the vortex and the
ozoneholeintotwoparts.Thepartialcolumnvaluescontinue
to increase at the upper levels through the end of November,
while the partial column values at lower levels remain about
the same.
Some have implied that the smaller ozone hole area results
from a decrease in chlorine in the stratosphere (Salby et al.,
2012). Inspection of Fig. 5 shows that the 2012 ozone hole
develops at approximately the average rate during the August
and early-September period. This is the period when chlo-
rine chemical effects on the ozone hole area are most promi-
nent (Newman et al., 2004; Kawa et al., 2009). These results
indicate that the level of chlorine and bromine in the lower
Antarctic stratosphere is high enough to cause severe ozone
depletion. Current EESC levels in the Antarctic stratosphere
are declining by about 30 pptyr−1 (ppt = 10−12 molmol−1),
less than 1%yr−1 with respect to the Antarctic EESC peak
of about 4040 ppt occurring around 2000 (Newman et al.,
2007). Strahan et al. (2014) show that the level of chlorine
can signiﬁcantly vary (up to ±5%) from year to year due to
interannual changes in the transport during austral fall and
winter. Currently, the declines in chlorine levels are far too
small to show an ozone hole recovery in comparison to year-
to-year variability. Both the area and minimum values indi-
cate a more rapid than normal ozone hole recovery in the
late-September through November period. The ozone hole is
strongly controlled by the wave dynamics and the direct in-
ﬂuence of the waves on temperature (Newman et al., 2001,
2004; Weber et al., 2003). Strong wave events revealed in
both the ozone distributions (wave-2 split in Fig. 7), and dy-
namical proxies such as the Eliassen–Palm ﬂux (not shown)
indicate that this more rapid recovery is dynamically driven.
The smaller area in 2012 resulted from the warmer polar
lower stratospheric temperatures in September and not chlo-
rine decreases.
5 Summary and conclusions
The Ozone Mapping and Proﬁler Suite began routine oper-
ations in 2012. OMPS follows from the strong heritage of
UV-visible satellite instruments that extend from the 1970s.
OMPS is now the standard ozone-monitoring instrument
aboard the US polar orbiting satellites.
OMPS observations agree well with standard measure-
ments in the Antarctic region. First, direct comparisons of
OMPS TC-NM and OMPS NP to the OMI and SBUV/2 total
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Fig. 6. (a) OMPS TC-NM total ozone and (b) OMPS LP ozone mixing ratios (14.5–30.5km) for the 1 September–30 November 2012 period,
derived from (c) a location chosen near the center of the polar vortex. In (c) the chosen locations are connected by colored lines: September
(blue), October (green), and November (red). Vertical gray lines in (a) and (b) and circles in (c) indicate the days 2 September, 19 September,
4 October, 19 October, 7 November, and 21 November. The OMPS LP daily data have been smoothed in time by a 1-2-1 ﬁlter. The Antarctic
continent is shaded in gray in (c) (adapted from Newman et al., 2013, Fig. 6.10).
Fig. 7. OMPS LP column ozone amounts for 3 layers (26.5–29.5km, 20.5–23.5km, and 14.5–17.5km) and OMPS TC-NM total column
ozone amounts for 2 September, 19 September, 4 October, 19 October, 7 November, and 21 November 2012. The white circles are within a
radius of 1000km of the center of the vortex for that day (see Fig. 6 for how the center of the polar vortex is determined).
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column observations show zonal mean differences generally
less than 1%. Second, the comparison of the OMPS pro-
ﬁlers to the Aura MLS, SBUV/2, and ozonesondes shows
differences of 7% or less between proﬁles from the up-
per stratosphere to the lowermost stratosphere (13–45km).
These comparisons give us good conﬁdence in the ability
of OMPS instruments to monitor the characteristics of the
Antarctic ozone hole.
Estimates of ozone hole diagnostics from OMPS TC-NM
are in excellent agreement with OMI observations. These es-
timates of the ozone hole’s average size are within 0.2×
106 km2 (about 1%), while the value of the average mini-
mum is within 1.2DU. These excellent comparisons show
that OMPS can continue the long-term Antarctic ozone hole
time series. This continuation is critical for the next decade
as the ozone hole begins to show signs of recovery.
The ozone hole developed quite normally in 2012, but
because of the strong wave dynamics, faster warming dur-
ing austral spring, and stronger advection, the 2012 ozone
hole disappeared quite rapidly during the late-September–
November period as compared to the ozone holes of the last
20yr. This stronger dynamical effect resulted in the second
weakest ozone hole observed since 1988. The weakest ozone
hole observed in this period was 2002 – driven by the ﬁrst
observed major stratospheric sudden warming in the South-
ern Hemisphere. The date of the 2012 ozone hole disappear-
ance was also one of the earliest on record. The wave dy-
namics resulted in a splitting of the 2012 ozone hole during
the early-November period (similar to the situation observed
in late-September 2002, Newman and Nash, 2005). Because
the development of the ozone hole in August and September
is largely driven by the amounts of chlorine and bromine, the
normal development of the ozone hole in August–September
2012 suggests that the ozone hole is not currently demon-
strating a response to ODS declines, but is rather driven by
the strong wave dynamics.
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